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Since 1940, road salt use in the 
United States has escalated from 
roughly 0.28 to over 16 million metric 
tons annually. This long-term, intense 
deicing use has created environmental 
concerns – typically over surface 
water quality, aquatic life, and 
vegetation. Recent work, however, also 
ties road salt use to rising chloride 
(Cl-) concentrations in groundwater 
supplies. 
Cedar Falls is located in a potential 
karst region of northeast Iowa and 
relies on the Devonian aquifer 
for its groundwater supply. Eight 
active municipal wells interspersed 
throughout the city tap the aquifer. 
The University of Northern Iowa (UNI) 
is also located in the western metro 
area. UNI operates several geothermal 
wells which withdraw Devonian 
aquifer groundwater during summer 
months for campus building cooling 
needs. Cedar Falls and UNI also 
rely heavily on deicers to maintain 
roads and provide safe pedestrian 
travel during winter months. Given 
these characteristics, Cedar Falls 
presented an excellent opportunity 
to 1) assess the effect of long-term 
road salt use on groundwater quality 
in a potential karst landscape; and 
2) evaluate spatial attributes and
well characteristics associated with 
groundwater salinity trends. 
methodS 
A number of resources were used 
to assess recent deicing practices 
and evaluate groundwater quality 
trends and conditions. Seasonal 
road salt and brine application rates 
were obtained from the Cedar Falls 
public works department and UNI 
facility management. Historic Na+ 
and Cl- groundwater quality data were 
obtained from Cedar Falls Utilities 
(CFU) and the USGS’s National Water 
Information System for the city’s eight 
water supply wells.  When compiled, 
this produced groundwater quality 
datasets that spanned 30 to 40 years 
for some wells.  Finally, to evaluate 
groundwater Cl- concentration 
gradients, groundwater samples 
were collected from eight of UNI’s 
geothermal wells for Cl- analysis. 
To characterize the hydrogeology of 
the area, city well drilling logs were 
obtained from the Iowa Geological 
Survey (IGS) for review. Information 
collected included well depth, 
depth-to-bedrock, stratigraphy, and 
depth-to-groundwater during well 
construction. Groundwater elevation 
data from UNI’s geothermal wells 
was also integrated into the study to 
compare groundwater flow with Cl- 
concentration gradients. 
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GIS analyses were performed to assess 
spatial attributes that may contribute 
to rising groundwater salinity trends. 
This included a land use-land cover 
(LULC) assessment of the Cedar 
Falls city limits, UNI’s developed 
campus area, and a 1,000 m radius 
surrounding each municipal well. 
LULC analyses were primarily used 
to identify and quantify impervious 
surfaces, providing an indication 
of areas receiving the greatest use 
of decier. CIR imagery and Light 
Detection and Ranging (LiDAR) 
data were also used to evaluate 
topography and surface drainage 
characteristics for each well location. 
Finally, ArcGIS Spatial Analyst was 
used to interpolate and illustrate 
Cl- concentration data obtained for 
groundwater samples collected from 
UNI’s geothermal wells. 
reSultS And dISCuSSIon
Although dependent on winter 
severity, roughly 1,406 metric tons of 
granular road salt are applied to Cedar 
Falls’ streets each season along with 
over 23,300 gallons of 23 percent 
brine (roughly 24.1 metric tons of 
rock salt). Road salt use by UNI was 
approximately 454 to 635 metric 
tons per season. FIGure 1 illustrates 
the spatial extent of Cedar Falls 
and the developed portion of UNI’s 
campus on 2010 CIR imagery. LULC 
analysis found that 21% (or 13.9 
km2) of the Cedar Falls area consists 
of impervious surfaces while UNI’s 
campus area (approximately 1.9 km2) 
has an impervious surface area of 45 
percent. A summary of road salt use 
per total area and impervious surface 
area is presented in tABle 1. As 
presented, UNI’s campus represents a 
very concentrated source of road salt. 
tABle 2 summarizes the LULC results 
for the 1,000 m radius surrounding 
each well. As shown, the amount 
(continued on page 18)
Table 1 
LULC – Road Salt Usage Summary 
Area Approximate  Area  
Impervious Surface  Average Road Salt 
Use  
Road Salt Use 
per Total Area  
Road Salt Use per 
Impervious Surface 
Area  
Cedar Falls 66.25 km2 21 percent / 13.91 km2  1430.1 metric tons/yr 
21.6 metric 
tons/km2 102.8 metric tons/km
2
Developed UNI 
Campus Area 1.92 km
2 45 percent / 0.86 km2 544.5 metric tons/yr 
283.6 metric 
tons/km2 633.1 metric tons/km
2
FIGure 1. FIGure 2.
tABle 1.
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(continued from page 17)
impervious surface area in this region 
ranged from 13 percent for CW#9 and 
CW#10 to 40 percent for CW#5. 
Historic Na+ and Cl- groundwater 
quality data compiled for each 
municipal well is illustrated in 
FIGure 2. Municipal wells CW#5 
and CW#11 clearly stand apart with 
marked climbs in Na+ and Cl- since 
the early to mid-1990s. Although 
CW#5 and CW#11 share similar Na+ 
and Cl- trends, it should be noted 
that these wells are roughly 3.5 km 
apart and are situated in different 
twelve-digit hydrologic unit code 
watersheds. CW#5 is located just 
southeast of UNI’s campus area 
while CW#11 located along the city’s 
eastern fringe. These wells also have 
quite different landuse histories in 
their immediate surroundings. CW#5 
is in a well-established region (i.e., > 
50 years old) largely surrounded by 
commercial development. CW#11, 
however, resides in a newly developed 
residential area that was mostly 
farmland less than a decade ago. The 
rapid climb in Na+ and Cl- suggests 
these wells are most susceptible to 
contaminants associated with urban 
development.   
A review of drilling logs found: 1) 
municipal wells were 20 to 54 years 
old; 2) bedrock is at depths of 9.1 
to 38.7 m; 3) depth to groundwater 
(at the time of well construction) 
ranged from 7.9 to 34.7 m; and 
4) the Devonian aquifer at CW#5,
CW#9, and CW#10 is overlain by 
alluvial sands and gravels while a 
confining layer of clay-rich till overlies 
the aquifer at the remaining well 
locations. Distances to a perennial 
stream ranged from approximately 70 
m for CW#11 to 789 m for CW#10.
An empirical comparison of each 
municipal well’s spatial, chemical, 
and physical attributes suggest CW#5 
and CW#11 share the following 
characteristics:
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Table 2 
City Well Land Use - Land Cover Highlights 
within a 1,000 m radius of each well 
City 
Well 
Percent 
Impervious 
Area 
Topographic Description / Distance to Perennial Drainage (m) 
CW#3 25 Upland Area – Head Slope Swale / 427 m  
CW#5 40 Lowland Area - Alluvial Terrace / 152 m 
CW#6 18 Upland Area - Interfluve / 700 m 
CW#7 32 Upland Area - Interfluve / 640 m 
CW#8 17 Upland Area - Interfluve / 457 m 
CW#9 13 Lowland Area - Alluvial Terrace / 795 m 
CW#10 13 Lowland Area - Alluvial Terrace / 762 m 
CW#11 29 Lowland Area – Base Slope / 67 m 
tABle 2.
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• They	are	situated	in	topographically
low-lying areas;
• Groundwater	is	relatively	shallow
(i.e., <19 m); and, perhaps most
importantly,
• They	are	in	close	proximity	to	a
perennial stream that receives
surface drainage from highly
developed areas with extensive
impermeable surface areas.
The remaining municipal wells appear 
less vulnerable to urban contaminants 
because they are located in upland 
areas, situated well away from 
perennial urban drainage, and/or are 
located in less developed areas. The 
age of the well and its construction 
did not appear to be a significant 
contributing factor. 
Cl- found in groundwater samples 
collected from UNI geothermal wells 
ranged from 17.1 to 56.3 ppm (Note: 
these levels are well above the median 
Cl- concentration of 6.6 ppm found 
for the Silurian-Devonian aquifer in 
a 2004 USGS groundwater quality 
study report for Iowa municipalities). 
FIGure 3 illustrates Cl- concentration 
isolines interpolated from the 
sampling data. It also includes other 
pertinent geospatial information 
such as former quarry locations, 
depth-to-bedrock data, and aquifer 
potentiometric surface isolines 
compiled for the area in previous 
studies. As shown, Cl- concentrations 
decrease to the west-northwest away 
from Dry Run Creek (DRC) toward a 
highly productive portion of UNI’s 
geothermal well field, paralleling 
the direction of groundwater flow. 
The Cl- gradient suggests NaCl-laden 
surface runoff (from road salt applied 
to impermeable campus and urban 
surfaces) recharges the aquifer 
through the leaky streambed of DRC’s 
Southwest Branch, a tributary once 
known for its numerous quarries and 
karst features. The resulting Cl- plume 
then appears to follow groundwater 
flow paths influenced by UNI’s 
geothermal well field. 
ConCluSIonS
Findings suggest Cl- and Na+ 
groundwater quality data could be 
beneficial in urban planning, well 
siting, public health, and source 
water protection efforts. Due to its 
simplicity, Cl- and Na+ monitoring 
holds promise as a cost-effective first 
step to more detailed groundwater 
quality work, assessing aquifer 
vulnerability, and identifying wells 
more prone to urban groundwater 
contamination. Additionally, Cl- spatial 
distribution patterns may prove useful 
in determining urban groundwater 
flow pathways, particularly in settings 
where: 1) meaningful groundwater 
elevation measurements are difficult, 
if not impossible, to obtain; 2) 
groundwater modeling results are 
suspect; and 3) groundwater flow 
patterns have become difficult to 
define due to the spatial distribution 
and temporal use of an ever-
growing number of public, private, 
and commercial wells installed for 
drinking water and geothermal use.  
FIGure 3.
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